Mice deficient or deprived of thymus-derived lymphocytes eliminated blood-borne Borrelia turicatae with efficiency comparable to that observed in normal littermates. When challenged with 105 borreliae, nude mice had mean (± standard deviation) primary spirochetemias lasting 3.1 ± 0.2 days and mean (± standard deviation) peak bacterial counts of 3.0 x 107 0.5 x 107 cells per ml of blood; in comparison, heterozygous littermates and normal mice had respective primary spirochetemias lasting 3.4 ± 0.6 and 3.2 ± 0.2 days and respective peak counts of 8.0 x 107 + 1.5 x 107 and 5.5 x 107 + 0.9 X 107 bacterial cells per ml of blood. No increased responsiveness to concanavalin A was observed in infected nude mice, indicating the sustained lack of maturate T cells in these animals. Thymectomized and steroid-treated mice were also found to eliminate circulating borreliae with efficiency comparable to that observed in control animals. Irradiation of mice abrogated responsiveness to borreliae, but reconstitution with T-cell-depleted splenocytes restored antibody production. It is proposed that elimination of B. turicatae is mediated by a T-cell-independent immune response mechanism.
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The underlying mechanism for immune elimination of blood-borne borreliae that cause relapsing fever has remained poorly defined for nearly three-quarters of a century. Studies have revealed that passive administration of immune serum could delay the onset of or afford complete protection against experimental borrelemia in laboratory animals (2, 8, 17) . Immunoglobulins M and G have both been shown to afford passive protection against Borrelia spp. (2, 8) . As immunoglobulin M is a potent complement-fixing immunoglobulin (21, 25) and is not directly opsonic, it has been suggested that complement-mediated lysis may be an important mechanism for the elimination of borreliae (12) . It has recently been demonstrated, however, that an intact lytic complement pathway is dispensable, as C5-deficient mice can effectively eliminate Borrelia turicatae (24) .
The contribution of lymphocytes toward the development of a protective immune response to Borrelia spp. has received little attention in the past. It has been documented that peripheral blood lymphocyte counts generally increase during spirochetemia (6, 12) . Wright (27) Fluorescent-antibody staining. Fluorescent-antibody staining was performed on glass (Fluoroslide)-fixed blood. Briefly, serum diluted 1:10 in saline was allowed to adsorb to specimens for 15 min in a humid chamber. (This step was omitted when we were attempting to detect preattached serum components.) Unbound antibodies were removed by several 5-min washings in phosphate-buffered saline. A 1:10 dilution of commercially prepared fluoresceinated antiserum against the serum component investigated was applied to the specimen, and incubation was allowed to proceed for an additional 30 min. The slides were removed from the humid chamber and rinsed in phosphate-buffered saline for 15 min to remove unbound antibodies. Phosphate-buffered 90% glycerol was applied to the specimen and covered with a cover slip. The specimens were viewed under a Leitz H2 deuterium-lamp UV microscope. RESULTS The variant antigen against which the antibody response is mounted has been identified as proteinaceous in nature. Of interest are the reports that immunity against given variants of borreliae is short lived (10, 13, 14) . It was thus of value to evaluate the specific lymphocyte requirement for elimination of B. turicatae to better understand the observed antibody response to these organisms.
Irradiation of mice was found to prevent both elimination of borreliae (Fig. 1) corresponding control animals eliminated borreliae and had detectable antibody as demonstrated by fluorescent-antibody staining (data not shown). Similarly, the immunosuppressive drug cyclophosphamide was found to effectively abrogate the elimination capacity against borreliae when administered at a dose of 300 mg/kg of animal weight (Fig. 2) . The ability to eliminate spirochetes was not regained during the course of these 2-week studie'c Because immunosuppression by radiation or radiometric drugs acts nonspecifically and such therapy affects cell types other than lymphocytes (e.g., polymorphonuclear leukocytes), it was necessary to more specifically define the role of distinct lymphocyte populations in the elimination response. The role of the T lymphocyte population was first examined in mice thymectomized within 12 h of birth. It was found that the pattern of spirochetemia in infected, thymectomized mice did not differ appreciably from that or corresponding sham controls, with respective first peaks (mean ± standard deviation) of 8.5 x 107 ±4.0 x 106 and 8.5 x 107 ± 3.5 x 106 and respective duration periods of 3.9 ± 0.6 and 3.7 ±0.4 days (Fig. 3) .
Congenital T-cell-defective nude mice gave results similar to those observed with surgically thymectomized mice (Fig.   4) . The homozygous nude mice had borrelemias of 3.0 x i07 ± 5.0 x 106 cells per ml of blood,with a mean first-attack duration of 3.1 ± 0.2 days. The heterozygous nude and homozygous control animals gave respective peak counts of 8.0 x 10 ±1.5 x107 and 5.5 x i07 X 0.9 X 106 cells per ml of blood. Because it has been documented that certain bacterial and viral agents can induce maturation ofprecursor T cells in nude mice (22) , it was essential that mice be screened for the presence of matured T lymphocytes immediately after cessation of the initial borrelemia. Total splenocytes were screened for responsiveness to concanavalin A as a marker ofT cell maturity (22 Corticosteroids suppress the responsiveness of thymusderived lymphocytes (15) , and these drugs are routinely used to prolong survival of the pathogenic spirochete Treponema pallidum in experimental animals (20) . When either dexamethasone or cortisone was employed to suppress elimination of borreliae, no effect upon the course of borrelemia was noted (Fig. 5) . The peaks of infection and length of spirochetemias in treated mice compared favorably with those of untreated mice. Although no apparent effect upon elimination of spirochetes was observed with steroid treatment, weight loss was apparent in mice treated with dexamethasone, which resulted in a decrease of approximately 20% of the body weight of each animal; cortisone-treated animals lost less than 5% of their body weight during the course of each experiment. Untreated animals gained 40% additional weight during the experiment. The thymuses appeared to be atrophied in both sets of treated mice as compared with control animals (Table 2 ). To further define the lymphocyte requirements for an immune response, we used the technique of adoptive lymphocyte transfer. Nonimmune splenic lymphocytes were treated with anti-thy 1.1 or anti-immunoglobulin to selectively eliminate non-glass-adherent cells rich in T or B or both lymphocyte populations. Antibody production could occur in mice reconstituted with B lymphocytes (Table 3 ). 
DISCUSSION
Several previously reported observations have led us to speculate that the immune response to mammalian borreliae might be a T-cell-independent event. Cunningham (10) and Felsenfeld (12) have demonstrated that a given variant of borreliae could experimentally reinfect animals within a few months of recovery of the subject from infection. Similarly, Geigy (14) and others (5, 7) have noted that immunity to reinfection by a given local strain of Borrelia duttoni exists for only a short time after recovery.
Thymectomized and congenitally athymic mice have been noted for their lack of responsiveness to defined T-celldependent antigens (16, 19, 23 (18) . The study of Kishimoto et al. (18) showed that infection of nude mice by Coxiella burnetti elicited a T-cell-independent antibody response, although this response proved to be inadequate to promote elimination. Studies have also shown, however, that T-cell-deficient animals have the ability to mount a strong humoral response to a number of structurally simple polypeptides and polysaccharide (T-independent) antigens (1, 23) . In light of our current understanding of the nature of the variant antigen of B. turicatae, the finding that T-cell-deficient mice could efficiently eliminate borreliae, whereas B-cell-deprived irradiated mice could not, strongly indicates that a T-cell-independent, B-cell-dependent immune mechanism is responsible for the elimination of B.
turicatae. In seeming contradiction to the above conclusion is the report of DaMasso and Adler (11) , in which it is noted that steroid treatment of young chickens prolonged the spirochetemia associated with Borrelia anserina infection. It must be pointed out, however, that single clones of B. anserina lack the multiphasic antigen repertoire observed in mammalian species (13). Thus, one might speculate that B. anserina, the type species for the genus Borrelia, might lack the variant antigen requisite for the mounting of a T-cell-independent response.
